Purpose: To evaluate the predictive factors of radiation pneumonitis (RP) and associated changes in pulmonary function after definitive concurrent chemoradiotherapy (CCRT) in patients with non-small cell lung cancer (NSCLC). Materials and Methods: Medical records of 60 patients with NSCLC who received definitive CCRT were retrospectively reviewed. Dose volumetric (DV) parameters, clinical factors, and pulmonary function test (PFT) data were analyzed. RP was graded according to the CTCAE ver. 4.0. Percentage of lung volume that received a dose of threshold (Vdose) and mean lung dose (MLD) were analyzed for potential DV predictors. PFT changes were calculated as the difference between pre-RT and post-RT values at 3, 6, and 12 months after RT. Results: Twenty-two patients (37%) developed grade ≥2 RP. Among clinical factors, tumor location in lower lobe was associated with RP. Among the DV parameters, only MLD >15 Gy was associated with grade ≥2 RP. There were statistically significant decreases in PFT at all points compared with pre-RT values in grade ≥2 RP group. MLD was associated with forced vital capacity (FVC) and forced expiratory volume in 1 second (FEV1) changes at 6 and 12 months. V10 was associated with FVC changes at 12 months. V20 and V30 were associated with FEV1 changes at 6 months and FVC changes at 12 months. Conclusion: After definitive CCRT in patients with NSCLC, MLD >15 Gy and lower lobe tumor location were predictors of grade ≥2 RP. Pulmonary functions were decreased after CCRT and the magnitude of changes was associated with DV parameters.
Introduction
Radiotherapy is the major treatment modality for patients with locally advanced non-small cell lung cancer (NSCLC). Earlier studies showed superior outcome of concurrent chemoradiotherapy over sequential treatment [1, 2] . In patients with unresectable tumors or medically inoperable conditions, definitive concurrent chemoradiotherapy (CCRT) has become a standard treatment.
Radiation pneumonitis (RP) is one of the major dose-limiting toxicities in patients receiving radiotherapy for lung cancer. Higher radiation doses will improve local control rate but also increase the incidence of treatment related toxicity [3] . Although most patients with mild RP recover spontaneously, some with severe RP suffer from bothering symptoms that can lead to poor quality of life and in a few cases to death. The previously reported incidence of clinically significant RP ranges from roughly 10% to 40% of patients receiving definitive radiotherapy for lung cancer [4] [5] [6] [7] [8] . Clinical manifestations of RP are usually nonproductive cough, mild fever and dyspnea on exertion. Besides these non-specific symptoms, several other factors such as difference in radiation techniques and variable reporting methods can contribute to the variability of the RP incidence.
Numerous clinical factors such as age, sex, performance status, tumor location, smoking history, underlying lung disease and use of chemotherapy have been evaluated and found to be associated with RP. With the development of three-dimensional (3D) treatment systems, information about the radiation dose distribution of the organ of interest has become available. Many studies evaluated the association between dose volumetric (DV) parameters and risk of RP.
This study is aimed to evaluate the clinical and DV parameters to find out the predictive factors of RP and associated pulmonary function changes in patients with NSCLC who were treated with the definitive CCRT.
Materials and Methods

Patients
Between November 2003 and April 2010, seventy patients with NSCLC received definitive CCRT at our institution. Of these patients, 5 patients who were treated for symptom palliation and 4 patients who received incomplete radiotherapy were excluded. One patient who received palliative surgical resection after RT was excluded to eliminate the compounding effect of the surgery on the pulmonary function changes. The remaining 60 patients were retrospectively analyzed in this study.
Patients and tumor characteristics are shown in Table 1 . Median age was 65 years (range, 43 to 84 years) and 52 patients were male. Fifty-two patients were current or former smokers. Half of the patients had underlying lung disease, and the most common was chronic obstructive pulmonary disease (COPD). All patients had histologically confirmed NSCLC with the histologic diagnosis of squamous cell carcinoma most common and most patients were in stage III (93.4%). Forty patients had tumors in upper lobes including middle lobe in case of right lung cancer. A tumor involving the hilum or mediastinum was defined as a central tumor in this study and 39 patients had central tumors.
Treatment
All patients were treated with curative intent, and none of the patients underwent surgical resection before and after radiotherapy. Twenty-six patients received induction chemotherapy before CCRT. Fifty-eight patients received w e e k l y c h e m o t h e r a p y a n d t h e m e d i a n n u m b e r o f chemotherapy cycle was 6 (range, 2 to 7 but 5 patients received initial conventional 2D radiotherapy followed by 3D conformal boost and these patients were not evaluated in the analysis of dose volumetric (DV) parameters. DV parameters included in the analysis were mean lung dose (MLD), percentage of lung volume receiving a dose of 10 Gy or more (V10), 20 Gy of more (V20), 30 Gy or more (V30).
Pulmonary function tests
Pulmonary function tests (PFT) were obtained before RT and 3, 6, and 12 months after completion of RT. Forced vital capacity (FVC), forced expiratory volume in 1 second (FEV1) and diffusion capacity for carbon monoxide (DLCO) were expressed as a percentage of the normal value (based on age, weight, and gender). Changes of PFT were calculated as the difference between the pre-and post-RT PFT values relative to the pre-RT values [9] .
Radiation pneumonitis
RP was evaluated retrospectively by reviewing the medical records and follow-up imaging of the patients. All clinical symptoms and radiographic changes were considered. RP was graded according to the Common Terminology Criteria for Adverse Events (CTCAE) ver. 4.0. 
Statistical analysis
To evaluate the effect of the DV parameters on development of RP, Fisher's exact test was used. Using paired t-test, we compared the PFT parameters at 3, 6, and 12 months after completion of radiotherapy with the pre-RT values, and using independent t-test, the association between RP and PFT changes was investigated. The association between DV parameters and PFT changes were tested by correlation analysis. All statistical analysis was performed using SPSS ver. 18 (SPSS Inc., Chicago, IL, USA). The results of univariate and multivariate analysis to find the prognostic factors for grade ≥2 RP are summarized in Table 2 . In univariate analysis for development of grade ≥2 RP, lower lobe tumor and MLD >15 Gy were significant prognostic factors but in multivariate analysis, only MLD was significantly associated with the development of grade ≥2 RP (p = 0.025). Because lower lobe tumor was closely associated with MLD >15 Gy, tumor location was excluded in the multivariate analysis to remove the multicollinearity.
Results
Prognostic factors for grade ≥2 radiation pneumonitis
Follow-up duration for patients ranged 3 to 88 months (median, 21
Pulmonary function changes and radiation pneumonitis
PFT parameters at 3, 6, and 12 months after completion of RT were compared with pre-RT value and the mean relative The relative changes of FVC, FEV1, and DLCO are illustrated in the Fig. 1 . The mean relative reduction of FVC, FEV1, and DLCO in patients with grade ≥2 were 9.7%, 15.7%, and 23.3% at 3 months, 4.6%, 17.9%, and 22.1% at 6 months, 16.7%, 24.2%, and 20.1% at 12 months after RT, respectively. In the group with grade ≥2 RP, all PFT parameters significantly decreased after RT, except FEV1 change at 3 months. In contrast, there were no significant changes of PFT in the grade <2 RP group, except DLCO change at 6 months.
Dose Volumetric parameters and pulmonary function
changes MLD was associated with the change of FVC and FEV1 at 6 and 12 months after RT (Table 3) . V10 was associated with FVC change at 12 months and V20 and V30 were associated with FEV1 change at 6 months and FVC changes at 12 months.
Discussion and Conclusion
Radiation pneumonitis is the most common toxicity after radiotherapy for thoracic tumors and can have substantial influence on the morbidity and mortality of patients with lung cancer. Therefore, it is essential to find out the predictive factors for the development of RP to reduce the incidence of RP. Many studies reported that radiation dose and irradiated lung volumes are closely associated with the risk of RP. Several DV parameters have been proposed as predictive factors for RP but still there is no consensus about which parameters are ideal for predicting the RP.
Many studies reported several clinical factors as predictive factors for development of RP [10] [11] [12] . Factors such as age, gender, pretreatment performance status, smoking history, underlying lung disease and tumor location have been proposed as predictive factors. But in this study, all clinical factors except tumor location did not show any correlation with the development of RP. One possible explanation for this result is the small sample size in this study, but we suppose the discreet use of individualized radiotherapy as another factor. If a patient is old, has chronic lung disease and therefore has poor pre-RT lung function, we tried to modify the treatment plan and restrict the DV parameters more strictly and consequently the DV parameters of the patient showed lower DV parameters than conventionally planned cases. This consideration might have compensated for the RP susceptibility of these vulnerable patients.
Many studies have suggested various DV parameters as predictive factors for RP but no consensus about the ideal parameter has been reached [6, 7, [13] [14] [15] [16] . The various results are difficult to compare directly because of several reasons. First, the definition of RP and the toxicity grading systems are different among the studies. Second, the population of the patients investigated is heterogeneous. Third, the treatment technique, dose and fractionation schemes are varied. In this study, we included the patients who were treated with the radical CCRT to improve the homogeneity of the study population, and all the patients received relatively consistent radiation dose and fractionation scheme.
There was no grade ≥3 RP in this study with following Reduction in some PFT parameters was associated with the DV parameters. Because this study is basically retrospective and not all PFT parameters (FVC, FEV1, and DLCO) were checked regularly at every time, no consistent relationship was shown between PFT and DV parameters. But in spite of these limitations, we can assume the association with some DV parameters and PFT changes. Among the DV parameters, MLD was associated FVC and FEV1 at 6 and 12 months. Also it can be speculated that the DV parameters were significantly associated with the grade ≥2 RP and the PFT change was more prominent in the grade ≥2 RP. From these results, we expect the clinical guidance about the radiation pneumonitis, DV parameters, and PFT changes which need to be explored with forthcoming studies.
The development of grade ≥2 RP after definitive CCRT in NSCLC is significantly associated with the MLD >15 Gy. There was considerable reduction in pulmonary function after radiotherapy and the relative reduction is higher in the group who developed grade ≥2 RP. The mean relative reduction of FVC, FEV1, DLCO in patients with grade ≥2 were 9.7%, 15.7%, and 23.3% at 3 months, 4.6%, 17.9%, and 22.1% at 6 months, 16.7%, 24.2%, and 20.1% at 12 months after RT, respectively. The magnitude of pulmonary function change was also closely associated with the radiotherapy DV parameters. possible reasons. In this study, all patients were treated with definitive CCRT and therefore the general condition of patients might be relatively better than in other studies. It might represent that the patients had the potential to tolerate the treatments and complications as well. As mentioned before, if the patient has the clinical factors predisposing to RP, we tried to modify the treatment plan to achieve favorable DV parameters as possible. This could reduce the final lung complications of the patients with poor clinical factors.
In this study, V10, V20, and V30 were not associated with the grade ≥2 RP but the MLD was significant predictive factor for grade ≥2 RP. This is comparable to the previous studies [17] [18] [19] . Wang et al. [19] reported the association between the MLD and grade ≥3 RP. They investigated 223 patients treated with definitive CCRT and the severity of pneumonitis was graded according to the CTCAE v3.0. In univariate analysis, the MLD and V5 through V65 were associated with the RP. Patients with MLD >16.5 Gy had a higher incidence of grade ≥3 RP (13% vs. 36%). In the study of Kim et al. [18] , MLD showed the significant association with severe RP in multivariate analysis. They analyzed 76 patients who were treated with 3D conformal radiotherapy with curative intent. They scored the severity of RP with the Radiation Therapy Oncology Group criteria and severe RP was defined as grade ≥3 RP. V20, V30, V40, and V50, normal tissue complication probability and MLD were associated with severe RP in univariate analysis. But in multivariate analysis, MLD ≥15 Gy was the only significant predictive factor for grade ≥3 RP.
Regarding to pulmonary function changes after CCRT, there were significant reductions in pulmonary function after radiotherapy and the change was prominent in grade ≥2 RP. Many investigators showed the decline in the PFT, and its correlation with the symptoms. Borst et al. [9] reported the change of pulmonary function in patients with long term disease free survival. At 3 months after RT, decline in the PFT were observed and that was not recovered thereafter. The change of pulmonary function was associated with the MLD. Miller et al. [20] reported similar result that showed significant reduction in PFT at 6 months after RT which continued beyond 1 year. Our study demonstrated similar results that PFT declined until 6 months and then stabilized by 1 year after radiotherapy. In addition, we separately evaluated the PFT changes according to the grade of RP. As expected, the PFT reduction was more prominent in the patients with grade ≥2 RP than the other patients. Grade of RP is relatively subjective because it depends on the patient's symptoms and
